In a sanitation process of drinking water, carbon from the organic matter reacts with chlorine, forming by-products, among which are trihalomethanes (THM). These substances are carriers of mutagenic and cancerogenic potential and hence should be removed in drinking water treatment. Since the natural organic matters are precursors of THM formation, their removal from the water decreases the concentration of THMs. The THM forming potential is the most reliable indicator in evaluation of organic matter removal during drinking water treatment processes. The results have shown that the reaction producing THMs follows second order kinetics. The second order rate constant ranged from 0.024 M -1 s -1 to 0.065 M -1 s -1 at 22 °C and pH = 8.2 for 96 hours. The removal of 78.4% of natural organic matter, by adsorption on anionic exchange resins, resulted in the THM forming potential reduction by 63.1%. Various fractions of natural organic matter differ in their reactivity with chlorine, which is important when it comes to selection of the adsorption medium in the drinking water treatment processes.
Introduction
Natural organic matter compounds are undesired in drinking water because they react with chlorine during the treatment and distribution processes of drinking water [1] [2] [3] . Depending on the conditions (temperature, pH value, reaction time, the initial concentrations of reaction components -Cl 2 , organic carbon) and structure of the organic matter in the water, the concentration of chlorinated derivates, including the THMs, may amount to an unacceptably high level [4] [5] [6] [7] . The major precursors responsible for the THM forming are considered to be humic and fulvic acids [8] [9] [10] . The reaction between THM precursors and chlorine in the chlorination process is not instantaneous; it may last for days, until either the chlorine or the precursor is exhausted. Hence, the amount of THM in drinking water is greater at the consumption site than at the treatment site [7, [11] [12] [13] .
In water chlorination, the electrophile attack on organic matter proceeds via the Cl 2 , H 2 OCI + , Cl 2 O or HOCI -and depends on the conditions of the reaction [6, 14] . These are most commonly the reactions of oxidation, substitution (forming N-chlorinated and C-chlorinated derivates) and addition [10, [14] [15] [16] .
In oxidation reactions the organic matter (such as humic substance) reacts with chlorine, breaking down the anular structure. In the initial stage the pseudohynol form is obtained, followed by the electrophile substitution on the C atom in α-position in relation to the carboxyl group [10, 17] . Thus formed carbonium ion in the subsequent reaction with chlorine forms trichloromethyl ketone, which is further broken down, producing chloroform [10] .
Of importance are also substitution reactions with humic substance. The aromatic carbohydrates, such as phenol and aromatic acids are known to be easily chlorinated in the water medium by HOCI -and OCI -, forming chlorinated analogues. Metoxyl, phenol, and keto groups are more reactive with chlorine, than alkyl or carboxyl groups [17, 18] .
The above mentioned, as well as actual standards, demand elevated criteria in drinking water quality. Such a criteria is the THM forming potential (THMFP). It defines the quantity of THM that can be released in the chlorination process of given water. In the same time it allows for a fairly aqurate comparison of water qualities, with respect to the reactivity of the organic matter present and the effectivity of previous treatment [12, 19] . The search for new as well as optimization of the existing technological processes for the drinking water treatment, particularly in the field of removal of both organic matter and the products of their reactions with chlorine is outgoing [20, 21] .
Due to their adsorption properties alkaline macroporous resins may play an important role in removal of THM precursors and thus, in reduction of THM potential of water [22, 23] . The use of alkaline macroporous resins is basically connected to the removal of organic matter by adsorption. The humic substance fractions are not equally reactive to chlorine. Therefore, it is important to find out which of them reacting with chlorine and producing THM in water are removed by adsorption. This should be of importance in selecting the adsorbant (resin) in the chosen drinking water treatment.
Materials and Method
The research was conducted primarily for the purpose of reducing the THM potential in ground waters from the 160 -220 m deep reservoirs in the geotectonic unit of North Banat (North-West Serbia) basin, which is part of the Pannonian basin [24, 25] . The ground waters in this area are characterised by an increased concentration of natural organic matter which causes problems in water disinfection processes with chlorine.
Sample 1 of the raw water, discribed above, was collected before entering into a drinking water treatment pilot plant. The sample was analysed for pH, natural organic matter concentration (expressed by the consumption of potassium-permanganate) [26] , humic substance concentration [27] , UV extinction at 254 nm [27] , TOCtotal organic carbon concentration and THM concentration [27] . The concentration of the total organic carbon (TOC) was measured by the "lab TOC, model 2100" [28] . The sample was packed into a tinted glass bottle (with the appropriate teflon septum and a screw cap) were a microsyringe dipped down to the bottle bottom, a quantity of 34 mg/L activated chlorine was added. The quantities of residual chlorine and the THM concentrations were measured 30 minutes after adding activated chlorine and these values were taken as the initial THM forming potential values (THMFP i ). After that, the sample was kept at constant temperature of 22 o C and constant pH = 8.2 for 96 hours and THM and residual chlorine concentration were measured [27, [29] [30] [31] in regular intervals. The difference between the amounts of added and the residual chlorine at the moment of analysis is defined as the quantity of chlorine consumed during the reaction period.
The water samples 2, 3 and 4 were taken after the natural organic matter removal column (supplied with anion resin MP 62, manufactured by Lanxess, Germany). Sample 2 was taken 4 hours, sample 3 10 hours and sample 4 16 hours after the beginning of work cycle. These samples underwent the same procedure as sample 1, except that 17 mg/L of activated chlorine were added to them. Smaller quantities of chlorine were added because of the smaller concentrations of organics.
The extraction of THM and its concentration were performed in the automatic, microprocessor guided, "Purge & Trap"concentrator manufactured by Tekmar, Model LSC 2000. The THM separation and their concentration estimates were done on the chromatograph with capillary column, Varian, model GC 3400, with electron absorption detector (63 Ni-ECD). The capillary column used was CP-Sil 13 CB for halocarbonhydrates, custom-designed, WCOT fused silica type, 25 m x 0.32 mm I.D., film thickness of 1.2 µm, Chrompack (conditioning was conducted at 180ºC over the 4 hour period) [27, 31] The THM forming potential (THMFP) is defined as the difference between the THM concentration measured 30 minutes after chlorination (TTHM i ) and the THM concentration measured later at regular intervals (TTHM f ):
Results and Discussion
The results of the experiments show that the raw water used was characterized by pH values from 8.1 to 8.3; relatively high concentration of natural organic matter (expressed by the consumption of potassiumpermanganate) from 27 to 30 mg/L; humic substances concentration from 17 to 19 mg/L, total organic carbon (TOC) from 6 to 7 mg/L; UV extinction at 254 nm from 29 to 33 m -1 ; and pronounced yellow colour as a consequence of its chemical composition.
Chlorination of Raw Water
The values of the THM quantity as a function of the time elapsed for the reaction of organics with activated chlorine are presented in Figure 1 . Substantial difference in the THM concentration measured at the beginning, THMFP i (after 30 minutes) and at the end, THMFP f (after 96 hours) of the chlorination is the THM forming potential, THMFP T . The shape of the curve indicates that the reaction between the THM precursors and chlorine is slow and not instantaneous. It is obvious that the average value of THM quantity as a function of the time of chlorination represents a logaritmic dependence. Figure 2 presents the THM quantity as a function of the chlorine consumed and shows that the reaction of 1 mole of Cl 2 in raw water yields 0.011 M CHCl 3 .
The THM forming reaction can be presented as:
then the THM forming reaction dependence on time can be written as:
where:
[THMFP] is the concentration of slowly reacting speacies of THM precoursers, [Cl 2 ] is the concentration of chlorine at the time t and k is the second order rate constant of THM formation. After integration: Graphically represented Equation (3), using the data from Figure 1 and Figure 2 , shows a linear relationship with t, having the slope k which is the reaction rate constant (0.025 M -1 s -1 ). For the sake of simplicity:
Chlorination of Water after the Natural Organic Matter Removal Column
The natural organic matter concentration in samples 2, 3, and 4 were reduced to various levels, by adsorption on macroporous resin. The concentration of THM forming was tracked in all the samples in defined time periods and the chlorine consumption was measured. Figure 4 shows the comparison between the logarithmic dependance of the THM quantity in relation to the reaction period, for each of the samples 1, 2, 3 and 4. These relationships indicate that the smaller the initial concentration of natural organic matter the smaller is the THM potential. In the sample 2 the reaction including 1 mole of Cl 2 yields 0.0167 M CHCl 3 , in the sample 3 yields 0.0128 M CHCl 3 and in sample 4 yields 0.0132 M CHCl 3 ( Figure 5) .
By applying the Equation (3) on the data presented in Figure 4 , one obtains dependences given in Figure 6 (where Q is presented in Equation (4)). It would appear that the chlorination rate in samples 1, 2, 3 and 4 varies, in the raw water (sample 1) being almost two and a half time smaller than in the waters after the natural organic matter removal column (samples 2, 3 and 4). There is also a very small difference in rate constants of the reactions including natural organic matter in samples 2, 3 and 4. It seems that the removal of natural organic matter is faster in water samples 2, 3 and 4 (k ≈ 0.025 M -1 s -1 ) then in raw water (k ≈ 0.065 M -1 s -1 ). The waters after the natural organic matter removal column have shown distinctive reduction in THM concentration. Thus, THM concentration in sample 2 was reduced by 63.2%, in sample 3 by 60.6% and in sample 4 by 49.5%.
From the above said one might conclude that natural organic matter removal column is selective, primarily removing the fractions of natural organic matter which slowly react with activated chlorine. This suggests that it is important to make a right choice of adsorbing substance for natural organic matter removal column, favoring the adsorption medium with pronounced affinity towards adsorbing the fractions of natural organic matter which react with chlorine slower.
Some authors [32] used adsorption of natural organic matter as a method for its removal and obtained results which are similar to ours (they removed 81% of natural organic matter). Other authors have used coagulation [33] or combination of adsorption and coagulation [34] for removal of natural organic matter and achieved poor (25-28% THMFP removed) or exceptionally good (≈ 93% THMFP removed) results, respectively. However, our results obtained under different conditions and without coagulation were 30% less successful in removing THMFP. There is an additional issue concerning the most adequate method of tracking the concentration of natural organic matter (being the precursors to THM formation) in water. The correlations between the THM potential and natural organic matter concentration (expressed by the consumption of potassium-permanganate, Figure 7) ; and UV extinction ( Figure 8) ; and total organic carbon ( Figure 9) ; and humic matter concentration ( Figure 10) ; have shown that the most reliable data can be obtained from the correlation between THM forming potential and natural organic matter concentration. It seems slightly more accurate than the correlation between THM forming potential and total organic carbon. 
Conclusions
The results have shown that the ground waters of the captured wells in the North Banat region (the Pannonian Plains) contain a relatively high concentration of natural organic matter (6.3 mg/dm 3 of total organic carbon on average) which is a result of high humic substances concentration. Different fractions of organic substance are not equally reactive with chlorine, which should be of importance in the selection of adsorption medium for the drinking water treatment processes. The rate of THM formation is found to be smaller for natural organic matter adsorbed on resin in the natural organic matter removal column. The fractions of natural organic matter that were not adsorbed on resin, present a problem, because of their higher rate of reaction with chlorine, i.e., because of the higher second order rate constant in the reactions of THM formation.
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